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Does the closed fishing season influence the ichthyofauna consumed by 
Larus dominicanus?
Fish that are incidentally caught by shrimp trawling 
represent a predictable and abundant resource for 
feeding several bird species, especially for the gull 
Larus dominicanus. This fishing activity is subject to 
disruptions throughout the year during closed fishing 
seasons, when other fishing modalities are exercised, 
which can alter the composition, abundance and size of 
the fish bycatch. This study evaluated the influence of 
the restriction of fishing period of shrimp (closed season) 
on the diet of L. dominicanus, on the Paraná State coast. 
From December 2013 to August 2014, 10 pellets were 
collected per month in two distinct areas that have 
shrimp trawl fishery as the main economic activity: 
one continental and another in an estuarine island. In 
total, 920 fish were identified, divided into four families 
and 15 species, especially the family Sciaenidae with 
11 species. There were differences in abundance and 
biomass of species between areas and between seasons 
of pre-closure, closure and post-closure. Differences for 
the mean total length of the species were only detected 
between the pre-closed and closed seasons in one area. 
This study evidenced the strong relationship between L. 
dominicanus and the shrimp trawl fishery, the species 
composition identified in the pellets and their respective 
morphometric measurements follow the same pattern of 
the literature for fish discarded in trawling activities.
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As capturas incidentais de peixes no arrasto do 
camarão representam um recurso abundante para 
a alimentação de muitas aves, sobretudo para a 
gaivota Larus dominicanus. O presente estudo 
avaliou a influência do defeso da pesca de arras-
to do camarão sobre a dieta de L. dominicanus no 
litoral do estado do Paraná. Entre dezembro de 
2013 e agosto de 2014 foram coletados 10 pellets 
alimentares por mês em duas áreas distintas, em 
períodos sem e com a influência do defeso do ca-
marão sete-barbas. Ao todo, foram identificados 
920 peixes, divididos em quatro famílias e 15 es-
pécies, com destaque para a família Sciaenidae, 
com 11 espécies. Foram identificadas diferenças 
na abundância e biomassa das espécies entre as 
áreas e entre os períodos de pré-defeso, defeso 
e pós-defeso. Diferenças em relação ao compri-
mento total médio das espécies só foram encon-
tradas entre o pré-defeso e defeso em uma das 
áreas. Com este trabalho, foi possível observar 
a forte relação entre L. dominicanus e a pesca 
de arrasto do camarão, a composição das espé-
cies identificadas nos pellets e as estimativas de 
comprimento seguem o mesmo padrão do que a 
literatura traz para os peixes descartados nas ati-
vidades de arrasto. 
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INTRODUCTION
Fishing discards represent a predictable source of 
food in time and space, with high energy value, which can 
lead to dependency of some seabirds on these resources, 
and increase their population growth (SILVA et al., 2000; 
GIACCARDI; YORIO, 2004; YORIO; CAILLE, 2004). 
Several studies have shown that changes in fishing due 
to severe winters and the closed fishing season influence 
the diet composition, reproductive success, body mass 
and distribution of seabirds that are associated with 
such discards (HÜPPOP; WURM, 2000; ARCOS et al., 
2001; BARBIERI, 2010; TRAVERSI; VOOREN, 2010; 
CARNIEL; KRUL, 2012).
An example of seabird that takes advantage of fishing 
discards is the gull Larus dominicanus (Lichtenstein, 
1823). This species is one of the most common and 
frequent gulls in the southern Brazilian coast, with 
generalist and opportunistic feeding behavior, which 
favors the incorporation of fishing discards in the diet 
(YORIO et al., 1998; WHITTINGTON et al., 2006). Thus, 
alterations in fishing activity can cause changes in the 
feeding of this species, thus influencing the reproductive 
process of the population.
Just like some birds of prey and other seabirds, seagulls 
cannot digest some hard parts of their prey, such as fish 
otoliths, and regurgitate them as pellets (SIMMONS et al., 
1991; PETRACCI, 2002; LUDYNIA et al., 2005). The 
fragments that form the pellets can be identified, counted 
and measured, thereby providing estimates of the number 
and size of ingested items (BUGONI; VOOREN, 2004).
During the shrimp closed season fishermen change 
their fishing gear to more selective methods, which capture 
least species with larger sizes. So if Larus dominicanus 
interacts with the fishing during the closed season, we 
expect to find a few species, however, with longer lengths, 
in its diet. In this way, aiming to evaluate the influence of 
changes in fishing activity on the diet of L. dominicanus, 
this study characterized the fish food items found in pellets 
of this seagull before, during and after the closure of 
shrimp fishing on the coast of the Paraná State.
MATERIAL AND METHODS
Study area
The Paraná State coast has about 90 km of coastline 
and is bordered to the north by the Varadouro Channel 
(25º12’ S) and to the south by the mouth of the Saí-Guaçu 
River (25º58’ S) (Figure 1). The sedimentary cover of the 
continental shelf consists mostly of sand, mud and clay, 
and with the exception of a few rocky substrates bordering 
the islands, the continental shelf is dominated by sandy 
bottoms (BIGARELLA, 2001).
On this same coast, the trawl fishing is the most used 
technique by the artisanal fleet. This is because shrimps 
represent the main fishery resources exploited in this region 
(PAIVA, 1997), whose capture is mainly performed by 
trawling. It is currently in force the Instruction 189/2008, 
which bans this fishing mode in the period from March 
1st to May 31st, applying to pink shrimp (Farfantepenaeus 
brasiliensis, F. paulensis and F. subtilis), seabob shrimp 
(Xiphopenaeus kroyeri), white shrimp (Litopenaeus 
schmitti), red shrimp (Pleoticus muelleri) and South 
American shrimp (Artemesia longinaris).
For this study, we selected two different areas of the 
coast: North area, which refers to the Superagui Island 
that is inserted in the Environmental Protection Area of 
Guaraqueçaba (25°26’S and 48°13’W) and South area, 
Barrancos beach, in the municipality of Pontal do Paraná 
(25°36’S and 48°24’W) (Figure 1).
Sampling
Pellet samplings were conducted from December 2013 
to August 2014 in three seasons: pre-closure (December, 
January and February), closed season (March, April, and 
May) and post-closure (June, July and August). 
In each area, we collected 10 pellets per month, totaling 
30 pellets per unit area in each period, 90 pellets per area 
when added three periods and 180 pellets in total. To make 
sure the pellet to be collected was from L. dominicanus, 
we colletcted only in places with the presence of specific 
mono flocks. Once collected, these pellets were taken to 
the laboratory and oven dried at 80°C for approximately 
90 minutes.
Sample analysis
Otoliths found in the pellets were used for 
identification and quantification of fish ingested by L. 
dominicanus. Only the otoliths with preserved structures 
were identified and measured. The identification was 
carried out by using otolith structures according to 
the literature (CORRÊA; VIANA, 1992; ABILHÔA; 
CORRÊA, 1992; LEMOS et al., 1992; LEMOS et al., 
1995; DI BENEDITTO et al., 2001; CARVALHO et al., 
2014; ROSSI-WONGTSCHOWSKI et al., 2014). 
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Figure 1. Map of the Paraná State coast showing the areas of study: 1 - Superagui Island; 2- 
Barrancos beach. (Source: Adapted from Carniel and Krul, 2012).
The length and weight of ingested fish were estimated 
by measuring the otolith length (the longest distance 
between the anterior and posterior margins) and ventral 
height of the otolith (longer straight distance, between a 
central point of intersection of the tail with the ostium and 
the ventral margin). These measurements were taken with 
a stereoscopic microscope with ocular micrometer (0.1 
mm). From these measurements, we estimated the length 
and weight of the identified teleost fish based on regression 
equations available in the literature (CORRÊA; VIANA, 
1992; DI BENEDITTO et al., 2001; CARVALHO et al., 
2014).
The quantification of fish was made from the 
separation of otoliths into right and left, which considered 
the position of the sulcus acusticus and the rostrum. Each 
pair of otoliths of the same species with very similar 
morphometric represented one fish.
To calculate the importance of each fish species in the 
diet, we determined: 1) FO: frequency of occurrence in the 
pellets, or the number of pellets with the occurrence of a 
certain species, 2) FO%: relative frequency of occurrence 
of each species 3) N: number of individuals of a certain 
species present in the pellets, 4) N%: numerical proportion 
of each species in the diet, that is, N as a percentage of 
the total number of individuals of a certain species, 5) M: 
weight of each species present in the pellets and 6) M%: 
weight percentage of each species in the diet, i.e., M as a 
percentage of the total weight of all the fish in the sample 
7) IRI, index of relative importance IRI = (N% + M%) 
FO% modified from PINKAS et al. (1971).
The spatial and temporal differences of the diet were 
tested by PERMANOVA using a mixed linear model, the 
fixed factor were the areas (Barrancos and Superagui) and 
the random factor were the seasons (pre-closure, closure 
and post-closure) nested within the areas, with α=0.05. 
PERMANOVA is the analysis of univariate or multivariate 
variance, which uses permutation procedures based on 
any measure of similarity. The advantage of this type of 
analysis is the lack of assumptions, such as normality. 
Thus, it is a nonparametric test that allows the use of 
fixed or random factors related in orthogonal manner or 
nested in descriptive or experimental hypothetical models. 
(ANDERSON et al., 2008). 
For graphical representation of differences detected 
by PERMANOVA, a canonical analysis of principal 
coordinates (CAP) was run, which generates the graphical 
clusters through 9999 permutations (ANDERSON et al., 
2008). Within the CAP analysis, Spearman correlations 
(α=0.05) were used to determine which fish species were 
responsible for the clusters.
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RESULTS
The analysis of 180 pellets allowed the identification 
of 920 fish of four families, 334 in Barrancos and 586 in 
the Superagui Island. The family Sciaenidae was the most 
representative with eleven species, namely: Ctenosciaena 
gracillicirrhus, Cynoscions jamaicensis, Isopisthus 
parvipinnis, Larimus breviceps, Macrodon ancylodon, 
Micropogonias furnieri, Nebris microps, Paralonchurus 
brasiliensis, Pogonias cromis, Stellifer brasiliensis, 
Stellifer rastrifer. Lower diversity was found in families 
Ariidae, with two species, Cathorops spixii and Genidens 
genidens, Engraulidae with one species, Lycengraulis 
grossidens, and Haemulidae with one species, Pomadasys 
corvinaeformis (Table 1).
S. rastrifer was the most important species in pellets 
of Barrancos, with the highest values of abundance, 
frequencies of occurrence and indices of relative 
importance in the seasons analyzed (Table 1). In the 
pellets collected in Superagui, C. spixii was the most 
representative species with the greatest abundance, 
frequencies of occurrence and the highest indices of 
relative importance in all seasons analyzed (Table 1).
There was distinction for length of fish consumed 
by gulls between sites and seasons. In Barrancos, fish 
individuals with longer total length (TL) were found in the 
post-closure and corresponded to L. breviceps (27.23 cm), 
M. ancylodon (25.05 cm) and I. parvipinnis (23.49 cm) 
(Table 2). S. rastrifer showed a wide range in all seasons; 
the lowest TL was observed during the pre-closure in both 
areas (4.76 cm), and the highest TL in Barrancos during 
the closed fishing season (19.47 cm). Shorter lengths were 
associated with the pre-closure season (Table 2).
In the Superagui Island, C. spixii showed the greatest 
range in length with the lowest TL verified in the pre-
closure season (4.43 cm), while the highest TL was in the 
post-closure season (20.23 cm). C. jamaicensis (20.65 cm) 
and S. brasiliensis (21.96 cm) also showed the longest 
lengths in the Superagui Island, during the post-closure 
(Table 2).
The PERMANOVA indicated significant variations 
in abundance between areas (PERMANOVA: DF=1, 
Res=160, MS=57,958, Pseudo-F=4.16, p=0.0106) and 
between seasons within each area (PERMANOVA: DF=4, 
Res=160, MS=13,962, Pseudo-F=5.30, p=0.0001).
In Barrancos, the pairwise comparison by 
PERMANOVA evidenced significant differences in 
abundance between the pre-closure and closed seasons 
(t=2.44, p=0.0001), pre-closure and post-closure (t=2.58, 
p=0.0001) and between the closed and post -closure 
(t=2.02, p=0.0008). Fish abundance was also significantly 
different in the Superagui Island between the pre-closure 
and closed seasons (t=1.58, p=0.0152), pre-closure and 
post-closure (t=2.10, p=0.0003) and between the closed 
and post-closure (t=2.02, p=0.0017).
The differences between the mean values of abundance 
detected between the seasons by PERMANOVA as well as 
species that have contributed to these differences can be 
observed in graphics of the canonical analysis of principal 
coordinates (CAP) (Figure 2). The high abundance of 
S. brasiliensis in the pellets of the pre-closure season 
and S. rastrifer in those of the post-closure justify these 
differences (Figure 2). The canonical correlation of the 
two axes obtained by the analysis was δ1=0.6022 and 
δ2=0.4859. There was a clear separation associated with 
the axis 1 between the pellets of the pre-closure and the 
closure and post-closure of the two areas, and associated 
with the axis 2, there was separation between the post-
closure and pre-closure seasons (Figure 3).
Variations between areas (PERMANOVA: DF=1, 
Res=156, MS=26,272, Pseudo-F=2.39, p=0.0272) and 
seasons (PERMANOVA: DF=4, Res=156, MS=11,017, 
Pseudo-F=2.94, p=0.0001) in fish biomass present in 
L. dominicanus pellets were significant. The paired 
comparison in Barrancos by PERMANOVA showed 
significant differences in biomass between the pre-closure 
and closed seasons (t=1.83, p=0.0011), pre-closure and 
post-closure (t=1.87, p=0.0005) and between the closed 
and post-closure seasons (t=1.73, p=0.0015). The paired 
test also evidenced significant differences in the biomass of 
fish present in the pellets of the Superagui Island between 
the pre-closure and closed seasons (t=1.49, p=0.0159), 
pre-closure and post-closure (t=1.54, p=0.0127) and 
between the closed and after-closure (t=1.80, p=0.0004).
The differences between the mean values of biomass 
detected between areas and seasons by PERMANOVA as 
well as species that contributed to these differences were 
illustrated in the ordination of the canonical analysis of 
principal coordinates (CAP) (Figure 3). The canonical 
correlation of the two axes obtained by the analysis was 
δ1=0.5853 and δ2=0.5186. There was a clear separation 
associated with the axis 1, between the pellets of the closed 
and after-closure seasons and, associated with the axis 2, 
there was a separation between the pellets of the closed 
and pre-closure seasons (Figure 2). The high biomass of 
M. furnieri and C. jamaicensis in the pellets of the closed 
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Figure 2. Result of the canonical analysis of principal coordinates 
(CAP), with fish that contributed most in number of individuals for 
the differences between sites and seasons. Fish vectors based on 
Spearman correlation of 0.5 (B=Barrancos, S=Superagui, C=closed, 
Pr=pre-closure, Po=post-closure).
Figure 3. Result of the canonical analysis of principal coordinates 
(CAP), with fish that contributed most in biomass for the differences 
between sites and seasons. Fish vectors based on Spearman correlation 
of 0.5 (B=Barrancos, S=Superagui, C=closed, Pr=pre-closure, 
Po=post-closure).
season in Barrancos and S. brasiliensis in the pre-closure 
season in Barrancos and Superagui were responsible for 
these differences (Figure 3). 
There were no significant differences between the areas 
for the mean values of total length (TL) (PERMANOVA: 
DF=1, Res=156, MS=12,093, Pseudo-F=0.77, p=0.3438). 
A significant difference in mean total length was observed 
between the sampling periods (PERMANOVA: DF=4, 
Res=156, MS=12,480, Pseudo-F=3.17, p=0.0029). 
No statistical differences were found in the paired 
comparisons (PERMANOVA pairwise test) between the 
seasons sampled for Barrancos. In the Superagui Island, 
the only variation in length was registered between the 
closed and post-closure seasons (t=1.48, p=0.0352).
In the canonical analysis of principal coordinates 
(CAP), the canonical correlation of the two axes was 
δ1=0.5504 and δ2=0.5186 and indicated a difference 
between the pre-closure and closed seasons due to the 
contribution of the total lengths of S. brasiliensis in the 
pre-closure (Figure 4).
Figure 4. Result of the canonical analysis of principal coordinates 
(CAP), with fish that contributed most with length for the differences 
between sites and seasons. Fish vectors based on Spearman correlation 
of 0.6 (B=Barrancos, S=Superagui, C=closed, Pr=pre-closure, 
Po=post-closure).
DISCUSSION
The family Sciaenidae contributed with the highest 
number of species analyzed, as also reported in other 
studies (BRANCO et al., 2006; SILVA-COSTA; BUGONI, 
2013) which recognize the importance of this family in 
the composition of the diet of seabirds in southern Brazil. 
A great representativeness of the family Sciaenidae 
in discards and consequently in the pellets reflects the 
structure of the fish community of the southeast-south 
region of Brazil, where this family is dominant both in 
number of species and biomass (CATTANI et al., 2011).
In general, C. spixii, L. breviceps, P. brasiliensis and S. 
rastrifer were the most representative in L. dominicanus diet 
throughout the study, occurring in all seasons and in both sites. 
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These species are described as the most frequent and with more 
individuals present in discards of seabob shrimp trawling in 
southern Brazil (SOUZA; CHAVES, 2007; PINA; CHAVES, 
2009). This fact proves the generalist and opportunistic feeding 
behavior of L. dominicanus, since it uses the resources that 
are more abundant and widely available in time and space as 
is the case of the discard of shrimp fleet (WHITTINGTON; 
MARTIN, 2006; CARNIEL; KRUL, 2012; SILVA-COSTA; 
BUGONI, 2013).
The diet of L. dominicanus differed between areas. Stellifer 
rastrifer contributed most to the samples from Barrancos, 
being the most important fish species of this area. This is a 
result of the abundance of this species compared to the other 
teleost species caught incidentally by seabob shrimp trawling, 
accounting for 30% of discarded fish fauna near Barrancos 
(CATTANI et al., 2011). In the Superagui Island, Cathorops 
spixii was the species contributing most to the composition of 
fish fauna in L. dominicanus diet. This is probably a reflection 
of the greater abundance and concentration of this species in 
this area (CHAVES et al., 2003; CATTANI et al., 2011), where 
there is predominance of very fine sediments (silt and clay) at 
depths less than 10 m (VEIGA et al., 2004), which could favor 
the concentration of this species in these areas. SCHWARZ et 
al. (2006) states that C. spixii is the most abundant species in the 
surroundings of Superagui, mainly at 9 m deep, where trawling 
activities are concentrated. As this species does not have high 
economic value (CATTANI et al., 2011), it is often discarded in 
large quantities in this area and its surroundings.
The species abundance also showed variations between 
seasons in both areas. During the post-closure in Barrancos, 
S. rastrifer was responsible for major contributions, possibly 
reflecting the greater abundance of fish during this season, due 
to the interval between trawls. During the closed season, the 
fishing effort is reduced, which reduces the stress caused to the 
environment, favoring a greater increase in populations of this 
species and consequently it contribution in discards. According 
to BERNARDO et al. (2011), S. brasiliensis is abundant in 
regions close to the Superagui Island and can be considered 
a feeding and growth area, as the authors found maturing and 
mature individuals. S. brasiliensis exhibited a high incidental 
catch in the Santa Catarina State in the summer (FREITAS et 
al., 2011). The studies mentioned above confirm the greater 
abundance of otoliths of this species in the pre-closed season, 
which refers to the summer months in this region. 
Biomass of fish analyzed in the pellets also showed 
significant differences between the sites and seasons. During 
the closed season in Barrancos, Cynoscion jamaicensis 
was responsible for the second largest contribution to the 
composition of the fish fauna in the diet. This species was found 
only in this area and during this season, which may be related 
to the closed fishing season of shrimp trawl. Unable to use the 
trawl, fishermen begin to use other fishing gear, such as driftnet 
and fixed gillnets (ARCOS et al., 2001; CHAVES; ROBERT, 
2003), modalities that generate discards only during the fish 
cleaning on the beach, in the form of offal and carcasses.
During the shrimp trawl, CATTANI et al. (2011) found 
a wide size range in C. jamaicensis, ranging between 2 and 
20 cm, but the most frequent size class was between 8 and 
10 cm. From 19 cm, individuals of this species are already 
adult (VAZZOLER; BRAGA, 1983; CASTRO et al., 2002) 
and as this species has a high commercial value (CATTANI 
et al., 2011) it is possible that the gull has fed only on head 
or carcass of these individuals, which has possibly been 
discarded on the beach, as the region of Barrancos presents a 
routine handling of fish on the beach that provides discards and 
portions not marketed or consumed. Other species with high 
representativeness during the closed season in this area was 
Micropogonias furnieri, often caught incidentally by driftnet 
and fixed gillnets (CHAVES; ROBERT, 2003), which confirms 
the use of discards of other fishing gear by L. dominicanus 
during the closed fishing season.
Length described for the species consumed by L. 
dominicanus in both areas and seasons corresponded to 
the sizes described for fish discarded in shrimp trawling by 
GRAÇA-LOPES et al. (2002), on the coast of São Paulo State 
and CATTANI et al. (2011), for the Paraná State coast. These 
results corroborate GONZÁLES-SOLIS (2003); KRUL (2004) 
and SILVA-COSTA and BUGONI (2013), which claim that 
fishery discards are an important food resource for seagulls, 
and in many cases the main components of the diet.
The statistical analysis detected no significant changes in 
Barrancos relative to the size of the species found in the pellets 
between seasons. However, it was observed a pattern of growth 
of the species between the pre-closure and closed seasons. 
In the pre-closure, it was registered lower lengths among the 
species, coinciding with greater abundance of juveniles and/
or recruits of the species identified in this study in the areas 
used by the shrimp fleet (CHAVES et al., 2003), which may 
have resulted in the incidental catch of small individuals 
without commercial value (GOMES; CHAVES, 2006), which 
were discarded. On the other hand, in the post-closure, it was 
possible to observe a greater number of species with individuals 
of longer lengths. The trawled areas have favorable conditions 
to sciaenids in terms of turbidity and energy supply, since large 
part of the bottom substrate has very fine to fine sand (VEIGA 
et al., 2004), favoring entrapment and the occurrence of organic 
matter and associated benthic macrofauna. FIGUEIREDO and 
MENEZES (2000) report the preference of sciaenids for fine 
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sediments; in this way, they respond to the reduction in fishing 
pressure and return to these areas. So when the trawl fleet is 
back, it incidentally capture these individuals with larger sizes 
and greater abundances.
Moreover, other hypotheses raised for the presence of 
larger individuals during the post-closure season is the entrance 
of several cold fronts from the southeast and southern regions 
during the winter, which favors a coastal hydrodynamic 
circulation pattern that results in superelevation of the sea level 
and/or increased coastal wave, which prevents the achievement 
of trawls, favoring the use of other fishing gear, such as driftnet, 
which in turn catch larger fish. There is still the low season of 
tourism in this season, resulting in a lower demand for fish, so 
that great part that is not used for consumption of fishermen 
could be discarded on the beach.
This pattern of growth between the pre-closure and 
post-closure seasons was not found for the fish present in 
the pellets collected in the Superagui Island. This may be a 
consequence of non-compliance or partial compliance of the 
closed fishing season. According to MALHEIROS** (personal 
communication), in the village of Superagui, in 2003, the closed 
season was virtually ignored, i.e., the shrimp fleet continued 
acting between March and May. The statistical analysis on fish 
length data relative to Superagui between the seasons pointed 
out significant differences between the pre-closure and closed 
seasons, a difference that was probably related to Stellifer 
brasiliensis, which had the highest mean values of length 
during the pre-closure. But this species was not found during 
the closed season, which may have caused this difference.
It was evidenced a strong relationship and dependence 
of gulls of the Paraná State coast with fishing activities, 
especially those that provide large amounts of discards, as 
is the case of shrimp trawling. Owing the analysis of the 
pellets, it was also possible to identify qualitatively and 
quantitatively fish populations that comprise discards of 
shrimp trawlers, since our findings basically followed the 
same pattern found in the literature.
The differences found in L. dominicanus diet in relation 
to abundance, biomass and total length of the species over 
the periods, and between areas may be associated with 
environmental conditions, such as availability of fish in 
areas of trawling and weather conditions, and changes in 
fishing gear during the period of closure. Thus, it can say 
that changes in the environment caused by internal and 
external factors have been found in L. dominicanus diet.
Thus, the use of pellets of these species could be useful 
for rapid assessments on fishing in certain areas, given 
the advantages of low cost besides being a rapid and non-
invasive method.
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